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It is known that a  strain of fibroblasts  responds to the presence of 
an antigen in its culture medium by becoming  immunized against the 
action of the antigen?  The purpose of this paper is to report  further 
experiments in which the influence of the antigen concentration on  the 
process of immunization of fibroblasts in vitro was studied. 
Io 
Technique. 
The  technique was  the  same as  described previously.~  Dog  sera 
and human ascific fluid were used as antigen.  The antigen was added 
to  chick embryo juice in  such  a  proportion  that  one volume  of the 
mixture  and  one volume  of  chicken plasma  would give the  desired 
concentration.  Each passage represented 48 hours, after which time 
the cultures were measured.  The experiments were made in the fol- 
lowing way.  A fragment of tissue taken from a  10 year old strain of 
fibroblasts was divided into two equal parts.  One was cultivated in 
a medium with antigen (Text-fig. 1, A); the other was cultivated in a 
medium without  antigen  (Text-fig.  1,  ]~)  and  served  as  a  control. 
After  48  hours  incubation,  the  experimental  and  control  cultures 
were divided into  two parts.  One-half of  the  experimental  culture 
was  transferred  to  a  fresh  medium with  antigen  (Text-fig.  I,  Aa), 
and one-half of the control culture (Text-fig. 1, Ba) to a fresh medium 
without antigen.  Both  experimental and  control tissues  underwent 
many passages in media with and without antigen.  The  remaining 
halves (Text-fig. 1, A2 and B,) of the experimental and control cultures 
were placed in a medium containing the antigen under a high concert- 
1  Fischer, A., J. Exp. Med., 1922, xxxv, 66I. 
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tration, from 50 to 66 per cent, which had a  marked inhibiting action 
on  the  growth  of  normal  tissues.  In  this  way,  it  was  possible  to 
ascertain  the  resistance  gained  by  the  immunized  tissue  at  a  given 
time during  the  experiment.  If  the  tissue  grown in  a  medium  con- 
taining  a  small  amount  of  antigen  constantly  did  not  become  im- 
munized,  its rate of growth was  as slow as that of the control tissue 
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T~xT-FIG. 1.  A is a culture with a small amount of antigea.  A1 and A2 show 
the same culture divided in half.  A.I is carried on  in  a  medium  containing a 
small amount of antigen; As (subculture)  is transferred to a  medium  containing 
the antigen in a high concentration.  B  is the control culture.  B1 is carried on 
as B, the control culture, and B2 is transferred to  a  medium  contain!ng  the 
antigen in a  high  concentration.  The quotient of A2  divided by  B,z expresses 
the degree of immunization of A 1. 
when both were exposed to a  high concentration of antigen.  There- 
fore, the quotient of the rate of growth of  the  experimental subculture 
(immunized strain in the high concentration of antigen) divided by  the 
rate  of growth of the control subculture (non-immunized  strain  in  the 
high concentration of antigen)  expressed the degree of immunization. 
For instance,  ff both immunized and non-immunized  strains grew  at ALBERT FISCIIER  437 
the same rate in a  high concentration of antigen, the quotient was 1, 
and  no  immunization  had  taken  place.  If  the  immunized  strain 
grew more actively than the non-immunized strain, the quotient was 
higher than 1 and expressed the degree of immunization. 
The  quotient  of  the  rate  of  growth in  their  respective media of 
the immunized strain  divided by that  of the non-immunized strain 
expressed the effect of the small amount of antigen in which the tis- 
sues were constantly cultivated.  A  quotient below 1 indicated that 
antigen, even in  a  low concentration, inhibited  the growth of fibro- 
blasts.  When  the  quotient  was  1,  antigen,  in  the  concentration 
used, had no effect on the fibroblasts. 
A1 
The quotient of the rates of growth of the two halves ~  (Text-fig. 
1)  of the immunized strain in media containing antigen in high and 
low concentration expressed the effect of antigen on the immunized 
fibroblasts.  The quotient of the rates  of growth of the two  halves 
fl_! (Text-fig. 1)  of  the control in media containing a  high concentra- 
B~ 
tion and no antigen showed the effect of antigen on normal fibroblasts. 
These  quotients  were plotted  in  ordinates  and  the  curves  indicate 
that the rate of growth of the immunized strain was higher than that 
of the non-immunlzed. 
II. 
EXPEI~ ~JrENTAL. 
A.  Effect  of Human Ascitic Fluid  as Antigen. 
1.  Time  and  Degree of Immunization  of Fibroblasts under  the  In- 
fluence  of  a  Small  Amount  of Antigen.--The  total  nitrogen  of  the 
human ascitic fluid used as an antigen amounted to 0.203  per cent. 
The culture medium of the immunized strain contained about 7 per 
cent ascitic fluid throughout the whole experiment.  The results of 
an  experiment which lasted  for  seventeen passages  are  recorded in 
Text-fig.  2.  According to  the  diagram  (Text-fig.  1),  the  ordinates 
A~ 
in Text-fig. 2  represent ~  (Table I), which is the rate of growth of 
both  the immunized and  non-immunized strains  in  high  concentra- 538  ~FIBROBLASTS IN  VITRO.  II 
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TExT-FIG. 2.  Curve showing the variations of the degree of immunization of 
fibroblasts through seventeen passages,  Human ascitic fluid was used as antigen 
in a  concentration of 7 per cent.  The ordinates represent  the quotient of the 
rate of growth of the immunized strain  divided by  that  of the non-immunized 
strain in a high concentration of antigen, and the abscissae  the number of passages. 
TABLE  I. 
Variations in the Degree of Immunization of Fibroblasts; Human Ascitic Fluid Used 
as Antigen in a Concentration of 7 Per Cent. 
Culture No. 
847-2,  848-2 
316-2,  317-2 
610-2,  611-2 
659-2,  660-2 
686-2,  687-2 
718-2,  719-2 
760-2,  761-2 
Passage No. 
4 
5 
7 
i0 
12 
14 
17 
Relative increase of subcultures 
in 50 per cent ascific fluid. 
Control.  1.11.8  "  Experiment.  13.0  14.1 
2.8  13.8 
4.6  16.2 
9.4  23.2 
6.0  23.0 
3.8  8.4 
of subcultures. 
7.8 
11.8 
4.9 
3.5 
2.4 
3.4 
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tions;  namely,  the  degree  of  immunization.  The  maximum  of  re- 
sistance  occurred  at  the  fifth passage  (10  to  12  days  after  the  begin- 
ning  of the  experiment).  Afterwards,  the  resistance  declined  slowly 
TABLE  II. 
Reaction  in  Function  of Time  of Immunized  and  Non-Immunized  Strains  to  a 
Large Amount of Antigen. 
Culture No. 
1855-1,  1855-2 
1882,  1883 
1906,  1907 
1940-1,  194-0-2~ 
1941-1,  1941-2j 
1972,  1973 
1998-1,  1998-2~ 
1999-1,  1999-2J 
2024,  2025 
2047-1,  2047-2~ 
2048-1,  2048-2~ 
2073-~,  2073-2~ 
2074-1,  2074-2J 
2100,  2101 
2122,  2123 
2147,  2148" 
2170-1,  2170-2~ 
2171-1,  2171-2~ 
2199-1,  2199-2~ 
2200-1,  2200--2j 
2217,  2218 
2238,  2239 
2266,  2267t 
2290-1,  2290-2~ 
2291-1,  2291-2j 
2311,  2312 
2337-1,  2338 
2363,  2364 
2390,  2391 
Passage No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Immunized 
and non- 
immunized 
strains. 
1.08 
1.20 
0.72 
1.04 
0.98 
0.70 
0.47 
0.62 
0.62 
0.60 
1.63 
0.81 
0.60 
1.46 
1.90 
0.80 
0.94 
0.84 
0.53 
1.00 
1.10 
Ratio. 
Non- 
immunized 
strain and 
its sub- 
culture. 
0.60 
0.28 
0.34 
0.61 
0.78 
0.37 
0.32 
Subcultures 
Immunized  of immunized 
strain and  and non- 
its sub-  immunized 
culture,  strains. 
0.44  0.73 
0.70  2.70 
1.14  3.40 
0.86  1.40 
O. 79  1.00 
0.62  1.68 
0.40  1.25 
* In Cultures 2147 to 2239, new ascitic fluid was used. 
t In Cultures 2266 to 2391, the antigen was omitted. ALBERT  I~ISCIIER  541 
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and persisted still after seventeen passages (about 40 days).  Another 
experiment of the  same kind  was  carried  through  twenty-two pas- 
sages.  Human  ascitic fluid was  present  continuously in  a  concen- 
tration of about  7 per cent in  the medium of the immunized strain 
(Text-fig. 3 and Table II).  The curve (Text-fig. 3)  shows the varia- 
tions'of  the  resistance  of  the  immunized  strain.  The  resistance 
quickly reached its maximum (Text-fig. 3).  Afterward, it  declined, 
but a  second maximum occurred after the thirteenth passage.  The 
curves representing this  and other experiments remind one of those 
obtained  by  JSrgensen  and  2VIadsen  ~ for  the  amount  of  agglufinin 
produced by a  goat under the influence of continuous injections of 
cholera bacilli. 
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TExT-FIG. S.  Curve  1  shows  the variations in  the  quotient  of  the  rate  of 
growth of the immunized strain in a  small amount of antigen divided by the rate 
of growth of the same strain in a high concentration of antigen.  Curve 2 shows 
the variations in the quotient of the rate of growth of the non-immunized strain 
in the ordinary medium divided by the rate of growth of the same strain in a 
high  concentration of antigen.  Human  ascitic fluid was  Used as antigen in a 
concentration of 7 per cent.  The ordinates represent the quotient of the rates 
of growth, and the abscissa~ the number of passages. 
2.  Comparison of the Rates  of Growth of Immunized and  NonJm- 
munized  Strains.--The  immunized  strain  was  cultivated  exactly  as 
was the control, with the exception of the addition of 7 per cent ascitie 
fluid  (Text-fig.  4).  If  the  antigen at this low concentration  should 
have any growth-inhibiting effect, the quotient of the rates of growth 
of the immunized strain  and its  control would be below  1.  As  the 
average value of the quotient was 1, it appears that the antigen  did 
2 J6rgensen, A., and Madsen, T., Festskrlft ved Indvielsen af Statens Serum- 
Institut, Copenhagen, 1902, Paper 6, p. 12. 
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not markedly affect the activity of the strain.  The variations in the 
quotient of the rates of growth of both subcultures of the immunized 
strain in low and high antigen concentrations are shown in Text-fig. 5, 
Curve 1.  The quotients of the rates of growth of both subcultures of 
the non-immunized strain without antigen and in a  high concentra- 
tion  of antigen are also  shown in  Text-fig.  5,  Curve 2.  These  two 
curves indicate that the immunized strain grew more rapidly than the 
non-immunized.  This has been  the case in all the experiments.  It 
seems that the presence of the antigen stimulated the growth of the 
fibroblasts during the entire experiment. 
In the experiments recorded in Text-figs. 3 to 5 and Table II, new 
ascific fluid was used at  the eleventh passage.  At the seventeenth 
passage, the antigen was omitted, and no change in the rate of growth 
occurred. 
•.  Effect of Dog Serum  as Antigen. 
In  the followhag experiments, dog serum was used as an antigen. 
When added in small quantity to the culture medium of the fibroblasts, 
it  acted as did ascitic fluid) and the fibroblasts became immunized 
against  its  action.  Certain  dog  sera  were  more  inhibiting  for  the 
growth  of  fibroblasts  than  others.  In  previous  experiments,  I  the 
non-immunized strain of fibroblasts was often killed by a  concentra- 
tion of about 66 per cent, while the immunized strain remained nor- 
mal.  An investigation was made of the relation between the degree of 
immunization of a  strain of fibroblasts,  and the concentration of dog 
serum used as an antigen.  Dog sera were selected which  inhibited 
the growth of fibroblasts very markedly.  The technique was similar 
to  that previously described.  1  Fragments of a  10 year old strain of 
fibroblasts were immunized with antigen in different  concentrations 
(Text-figs. 6  to  10 and Tables III to V).  The antigen used was dog 
serum (No. 1430), in a concentration of 4 per cent.  The growth index 
(Aq, 
of  the  subcultures  k/~2/  which  expresses  the  degree of immunity, 
reached  a  maximum  at  the  fifth  passage  (Text-fig.  6).  The  ratio 
between the immunized and non-immunized strains (a~x) shows (Text  - 
fig.  7)  that,  at  the  seventh  and  eighth  passages,  the growth  index ALBERT  FISCHER  543 
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TEXT-FIo. 6.  Curve showing the variations in the degree of immunization of 
fibroblasts through eight passages.  Dog serum was used as antigen in a concen- 
tration of 4 per cent.  The ordinates represent the quotient of the rate of growth 
of the immunized strain divided by that of the non-immunized strain in a  high 
concentration of antigen, and the absciss,~ the number of passages. 
T~xT-FIo. 7.  Curve showing the action of antigen on the immunized strain 
through  eight passages.  Dog serum was used as antigen in a  concentration of 
4  per cent,  The ordinates represent the quotient of the rate of growth of the 
immunized strain divided by the rate of growth of its control, and the abscissm 
the number of passages. 
TE×T-FIo. 8.  Curve  1  shows  the  variations in  the  quotient  of  the rate  of 
growth  of the immunized strain in a  small amount  of antigen divided by the 
rate of growth of the same strain in a  high concentration.  Curve 2 shows the 
variations in the quotient of the rate of growth of the non-immunized strain in 
the ordinary medium divided by the rate of growth of the same strain in a high 
concentration of antigen.  Dog serum was used as antigen in a  concentration of 
• 4 per cent.  The or~:inates represent the quotient of the rates of growth, and the 
abscissae the number of passages. 
TExT-FIG. 9.  Curve showing the variations in the degree of immunization of 
fibroblasts through eight passages.  Dog serum was used as antigen in a concen- 
tration of 8 per cent.  The ordinates represent the quotient of the rate of growth 
of the immunized strain divided by the rate of growth of the non-immunized strain 
in a high concentration of antigen, and the abscissa~ the number of passages. 544  ~FIBROBLASTS  IN  VITRO.  II 
TABLE  III. 
Immunization of Fibroblasts by Dog Serum in 4 Per Cent Concentration of Antigen. 
Culture No. 
1180,  1181 
1216-1,  1216-2~ 
1217-1,  1217-2/ 
1255-1,  1255-2~ 
1256-1,  1256-2J 
1289,  1290 
1326-1,  1326-2~ 
1327-1,  1327-2J 
1361,  1362 
1397-I,  1397-2~ 
1398-1,  1398-2J 
1452,  1453 
Passage No.  Immunized 
and non- 
immunized 
strains. 
0.68 
1.90 
0.51 
1.03 
1.17 
2.00 
0.80 
0.30 
Ratio. 
Non- 
immunized  Immunized 
strain and  strain and 
its sub-  its sub- 
culture,  culture. 
0.43  0.36 
O. 50  O. 30 
0.25  0.59 
0.30  0.41 
Subcultures 
of  immunized 
and non- 
immunized 
strains. 
0.86 
0.60 
2.40 
1.40 
TABLE  IV. 
Immunization of Fibroblasts by Dog Serum in 8 Per Cent Concentration of Antigen. 
Ratio of subcultures of 
Culture No.  Passage No.  immunized and non-lmmunized 
strains. 
1491-2,  1492-2  2 
1713-2,  1714-2  3 
1489-2,  1490-2  4 
1538-2,  1539-2  5 
1094-2,  1095-2  ,  6 
1170-2,  1171-2  [  8 
1.95 
1.25 
0.60 
0.25 
0.30 
0.45 
TABLE  V. 
Immunization of Fibroblasts by Dog Serum in 1.4 Per Cent Concentration of Antigen. 
Ratio of subcultures of 
Culture No.  Passage No.  immunized and non-immunlzed 
strains. 
1118-2 
1257-2 
1602-2 
1670-2 
1637-2 
1456-2 
1908-2 
1119-2 
1258-2 
1603-2 
1671-2 
1638-2 
1457-2 
1909-2 
2 
3 
4 
5 
6 
8 
9 
0.92 
1.14 
1.06 
1.23 
2.13 
1.90 
1.17 A~E~T  nscemR  545 
being under  1,  the growth  of  the immunized  strain  was  very much 
inhibited.  It indicates also that  after a few passages (Text-fig. 8) the 
immunized strain  grew more actively than  the non-lmmunized strain. 
When the antigen  (Dog Serum 1430)  was used in a concentration of 
about  8  per  cent,  the  maximum  of  resistance  was  reached  at  the 
second passage and lasted only a short time (Text-fig. 9 and Table IV). 
Afterwards,  the  resistance  fell  rapidly  below  1.  This  experiment 
demonstrated also that,  in spite of the marked inhibiting effect of an 
8  per  cent  concentration  of  antigen,  the  strain  presented  a  much 
higher  resistance  against  dog  serum  than  the  control  immediately 
after the second passage.  When  1.4 per cent antigen  was added  to 
.9o 
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TExT-FIG. 10.  Curve showing the variations in the degree of immunization of 
fibroblasts through nine passages.  Dog serum was used as antigen in a concen- 
tration of 1.4 per cent.  The ordinates represent the quotient of the rate of growth 
of the immunized strain  divided by the rate of growth of the non-immunized 
strain in a high concentration of antigen, and the absciss,'e  the number of passages. 
the culture medium,  a  different result was obtained  (Text-fig.  10 and 
Table V).  This low concentration  of antigen  restrained  the  growth 
of the immunized strain,  but was less toxic for the fibroblasts than  a 
5  to 8 per cent concentration.  The resistance reached its  maximum 
at the sixth or eighth passage and decreased slowly afterwards. 
III. 
SUMMARY  AND  CONCLUSIONS. 
The  action of human  ascitic fluid and of dog serum on the immu- 
n/zation of fibroblasts in vitro was investigated.  The toxic  effect  of 
ascitic fluid upon fibroblasts was slight,  while that  of dog serum was 546  mIBROBnASTS  IN  VITRO.  II 
marked.  When a  small  amount of antigen  (1.5 to  2  per cent dog 
serum,  or 8  per  cent ascitic fluid)  was present in  the medium, the 
resistance of the fibroblasts  slowly  increased, reached its  maximum 
after about 14 days, and gradually decreased.  The curve expressing 
the phenomena closely resembles that of J6rgensen and Madsen show- 
ing the production of antibodies in  an animal which received daily 
injections of antigen.  When the antigen was present in the medium 
in a high concentration (from 5 to 8 per cent dog serum), the resistance 
reached its maximum in 4 days, and decreased rapidly. 
It may be concluded that: 
1.  In  the  immunization of  fibroblasts  in  vitro  against  a  foreign 
protein, there is a  relation between the amount of antigen, the time 
of the appearance of immunization, and its duration. 
2.  When a  small  amount of  antigen is used, ~mmuMzatlon  slowly 
reaches its maximum, and slowly decreases. 
3.  When a large amount of antigen is used, immunization reaches 
its maximum in a  short time, but the protection is of equally short 
duration. 
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